Introduction
============

The prevention and control of infections is critical for a well-functioning health system. However, worldwide an estimated 21 million cases of hepatitis B virus infection and 200 000 cases of human immunodeficiency virus (HIV) infection result from unsafe injection practices each year.[@R1] In the United States of America, an estimated 40 000 to 80 000 deaths are due to nosocomial infections annually, which may cost as much as 4.5 billion United States dollars (US\$).[@R2] Moreover, the rapid spread of multidrug-resistant organisms and outbreaks of Ebola virus disease, yellow fever and Zika virus infections has further increased the human and financial cost. Fortunately, proven and cost-effective, infection prevention and control practices can reduce the risk.[@R3]^--^[@R6]

However, ensuring compliance with these practices depends on understanding the extent of the problem and there has been little research on infection prevention and control practices in low- and middle-income countries, particularly in primary health care.[@R7]^--^[@R10] Previous studies have several limitations. First, many involved small samples -- one review found that only 10 of 41 studies on hand hygiene interventions were conducted in more than one hospital.[@R10]^,^[@R11] Second, they were often based on self-reported data from health-care providers, which tend to overestimate compliance.[@R12] Third, they frequently focused on single domains, such as injection safety, rather than on the range of possible exposures encountered by patients during outpatient visits.[@R1]^,^[@R13]^--^[@R17] Consequently, given that infections are transmitted by multiple pathways, these data are of limited use for modelling the spread of different pathogens.[@R10]^,^[@R18]

To address these limitations, we designed a novel observational tool. We based the tool on existing World Health Organization (WHO) tools that can track patients throughout the course of an outpatient visit, which may include examinations, laboratory tests and injections. Our tool can be used to assess compliance with infection prevention and control practices throughout primary health care and can help identify associations between compliance and individual characteristics of health-care facilities and workers.

We used the observational tool to investigate compliance with infection prevention and control practices in a pilot sample of 23 health-care facilities in Nairobi, Kenya and, subsequently, in 935 facilities in three Kenyan counties.

Methods
=======

The design of the observational tool took into account the possibility that an outpatient may experience a violation of infection prevention and control practices in several different locations: the consulting room, the laboratory and the injection room. In this study, trained assessors spent three consecutive hours in each of 958 health-care facilities. The observational tool was used to record all interactions between patients and at least one health-care worker at each location. In collaboration with the Kenyan Ministry of Health and local experts, we identified three key procedures for observation: (i) physical examination; (ii) injection; and (iii) blood sampling. Five infection prevention and control domains were observed across these procedures: (i) hand hygiene; (ii) use of protective gloves; (iii) injection and blood sampling safety; (iv) disinfection of reusable equipment; and (v) waste segregation. These domains have been identified as critical for outpatient safety by WHO,[@R19] the United States Centers for Disease Control and Prevention,[@R20] the WHO Regional Committee for Africa[@R21] and the Kenyan Ministry of Health.[@R22] In accordance with the broad consensus that safety of care is a characteristic of the system and not just of individual health-care providers,[@R23] for each of these domains, we assessed: (i) compliance with infection prevention and control practices by health-care workers; (ii) knowledge of these practices among health-care workers; and (iii) the availability of the equipment and supplies needed for implementing these practices.

Assessing compliance
--------------------

The assessment of compliance with infection prevention and control practices was based on indications and corresponding actions. An indication refers to a situation in which an infection prevention and control practice must be undertaken to prevent the risk of a pathogen being transmitted from one surface to another. Actions occur in response to indications, such that each indication has a corresponding action. Compliance means that the correct action has been taken. For example, for the domain of hand hygiene ([Table 1](#T1){ref-type="table"}), the indication "Before touching the patient" indicates the possibility that physical contact could lead to microbial transmission. The correct action corresponding to this indication is: "Health-care worker washed his or her hands with soap or used an alcohol-based hand rub."[@R24]^--^[@R26] We determined the proportion of indications that were accompanied by the corresponding action for all health-care workers across each of the 20 indications listed in [Table 1](#T1){ref-type="table"} for five infection prevention and control domains. For example, for the domain of hand hygiene, compliance with seven well-known indications was assessed. [Table 1](#T1){ref-type="table"} also lists the equipment and supplies essential for carrying out each action and [Table 2](#T2){ref-type="table"} describes how health-care workers' knowledge of the actions required in each domain was assessed. The novelty of our approach is that we used a single observational tool to collect comprehensive data on indications and their corresponding actions across a large number of infection prevention and control practices in an outpatient setting in a low-income country.[@R20]^,^[@R27]^,^[@R28]

###### Indications for infection prevention and control practices and the action, equipment and supplies required for compliance, Kenya, 2015

  Infection prevention and control domain and indication^a^                                                               Corresponding action for compliance                                                                                                           Equipment and supplies required
  ----------------------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------
  **Hand hygiene**                                                                                                                                                                                                                                                      
  1\. Before touching the patient                                                                                         Health-care worker washed his or her hands with soap or used an alcohol-based hand rub                                                        Running water^b^ and soap^c^ or an alcohol-based hand rub was available
  2\. After touching the patient                                                                                          Health-care worker washed his or her hands with soap or used an alcohol-based hand rub                                                        Running water^b^ and soap^c^ or an alcohol-based hand rub was available
  3\. Before a clean or aseptic procedure                                                                                 Health-care worker washed his or her hands with soap or used an alcohol-based hand rub                                                        Running water^b^ and soap^c^ or an alcohol-based hand rub was available
  4\. After exposure to body fluids                                                                                       Health-care worker washed his or her hands with soap or used an alcohol-based hand rub                                                        Running water^b^ and soap^c^ or an alcohol-based hand rub was available
  5\. After contact with an object that has touched the patient or was in the patient's immediate environment             Health-care worker washed his or her hands with soap or used an alcohol-based hand rub                                                        Running water^b^ and soap^c^ or an alcohol-based hand rub was available
  6\. Before an injection or taking a blood sample                                                                        Health-care worker washed his or her hands with soap or used an alcohol-based hand rub                                                        Running water^b^ and soap^c^ or an alcohol-based hand rub was available
  7\. After an injection or taking a blood sample                                                                         Health-care worker washed his or her hands with soap or used an alcohol-based hand rub                                                        Running water^b^ and soap^c^ or an alcohol-based hand rub was available
  **Protective gloves**                                                                                                                                                                                                                                                 
  8\. After using gloves with a patient^d^                                                                                Health-care worker used new gloves for each patient if gloves were used                                                                       Gloves were readily available
  9\. After using gloves in general^e^                                                                                    Health-care worker washed his or her hands with soap or used an alcohol-based hand rub for each patient seen                                  Running water^b^ and soap^c^ or an alcohol-based hand rub was available
  10\. Before contact with blood, body fluids, mucous membranes, non-intact skin or contaminated equipment^f^             Health-care worker wore gloves                                                                                                                Gloves were readily available
  11\. After contact with blood, body fluids, mucous membranes, non-intact skin or contaminated equipment^f^              The health-care worker discarded the gloves into a waste bin                                                                                  A waste bin was available
  **Injections and blood samples**                                                                                                                                                                                                                                      
  12\. Before an injection or taking a blood sample                                                                       The health-care worker used a new needle                                                                                                      New needles were available^g^
  13\. Before an injection or taking a blood sample that required a syringe                                               The health-care worker used a new syringe                                                                                                     New syringes were available^g^
  14\. Before potential contact with blood, body fluids, mucous membranes, non-intact skin or contaminated equipment^f^   The health-care worker used clean swabs and alcohol-based solutions and did not use wet swabs from a multiuse container                       ND
  **Reusable equipment**                                                                                                                                                                                                                                                
  15\. Before or after patient contact (thermometer)                                                                      The health-care worker disinfected the thermometer using rubbing alcohol or bleach                                                            Disinfectant or bleach was readily available^h^
  16\. Before or after patient contact (stethoscope)                                                                      The health-care worker disinfected the stethoscope using rubbing alcohol or bleach                                                            Disinfectant or bleach was readily available^h^
  **Waste segregation of needles and syringes**                                                                                                                                                                                                                         
  17\. After an injection or taking a blood sample that required a syringe                                                The health-care worker segregated the syringe into a leak-proof, puncture-resistant sharps container                                          A leak-proof, puncture-resistant sharps container was readily available
  18\. After an injection or taking a blood sample in general                                                             The health-care worker segregated the needle into a leak-proof, puncture-resistant sharps container                                           A leak-proof, puncture-resistant sharps container was readily available
  **Waste segregation, excluding needles and syringes**                                                                                                                                                                                                                 
  19\. After an injection or taking a blood sample during which infectious waste was produced                             The health-care worker segregated swabs, gauzes and other infectious waste into a yellow or red bin with matching bag^i^                      A yellow bin with a matching yellow bag or a red bin with a matching red bag was readily available
  20\. After a medical examination during which infectious waste was produced                                             The health-care worker segregated tongue depressors, swabs, gauzes and other infectious waste into a yellow or red bin with matching bag^j^   A yellow bin with a matching yellow bag or a red bin with a matching red bag was readily available

ND: not determined.

^a^ An indication refers to a situation in which an infection prevention and control practice must be undertaken to prevent the risk of a pathogen being transmitted from one surface to another.

^b^ Running water in a sink or from a bucket with a tap or a bucket with a pitcher.

^c^ Either bar or liquid soap.

^d^ This indication refers to situations in which a health-care worker reused gloves for successive patients, irrespective of whether glove use was recommended, and thereby created a risk that pathogens would be transferred.

^e^ This indication refers to situations in which a health-care worker removed his or her gloves, irrespective of the number of patient interactions or the type of procedure.

^f^ This definition is intended to cover injections and blood sampling.

^g^ Since the observational patient-tracking tool indicated that compliance with the use of new needles and syringes for injections and taking blood samples was 100%, it was concluded that new needles and syringes were available at all health-care facilities.

^h^ The availability of disinfectant or bleach was determined by an additional survey conducted by the research team on the same day as the study survey using a checklist on patient safety standards developed by the Kenyan Ministry of Health and medical boards and councils.

^i^ If a yellow or red bin with matching bag was not available, the health-care worker was regarded as not having complied with this practice.

^j^ A swab or gauze had to be segregated only if it had been used in an invasive patient contact or for a clean or aseptic procedure or had been exposed to body fluids. If a yellow or red bin with matching bag was not available, the health-care worker was regarded as not having complied with this practice.

###### Assessing health-care workers' knowledge of infection prevention and control practices, Kenya, 2015

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Infection prevention and control domain and indication^a^                                                               Question                                                                                                                                                                        Correct response^b^
  ----------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Hand hygiene**                                                                                                                                                                                                                                                                                        

  1\. Before touching the patient\                                                                                        Can you name the most important indications where hand hygiene is recommended during an interaction with a patient?                                                             Study assessors were provided with a list of indications and were trained to classify health-care workers' responses according to seven categories: (i) before touching a patient (indication 1); (ii) after touching a patient (indication 2); (iii) before a clean or aseptic procedure (indication 3); (iv) after exposure to body fluids (indication 4); (v) after contact with an object that has touched the patient or is in the patient's immediate environment (indication 5); (vi) for indication 6, a response classified as either (i) or (iii) was sufficient; and (vii) for indication 7, a response classified as either (ii) or (iv) was sufficient
  2. After touching the patient\                                                                                                                                                                                                                                                                          
  3. Before a clean or aseptic procedure\                                                                                                                                                                                                                                                                 
  4. After exposure to body fluids\                                                                                                                                                                                                                                                                       
  5. After contact with an object that has touched the patient or is in the patient's immediate environment\                                                                                                                                                                                              
  6. Before an injection or taking a blood sample\                                                                                                                                                                                                                                                        
  7. After an injection or taking a blood sample                                                                                                                                                                                                                                                          

  **Protective gloves**                                                                                                                                                                                                                                                                                   

  8\. After using gloves with a patient^c^                                                                                Do you agree or disagree with the following statement: "Gloves can be used for more than one patient as long as they have not been exposed to blood or other body fluids"?      Disagree

  9\. After using gloves in general^d^                                                                                    Do you agree or disagree with the following statement: "When using gloves, washing hands is not necessary after examining a patient"?                                           Disagree

  10\. Before contact with blood, body fluids, mucous membranes, non-intact skin or contaminated equipment^e^             Can you name the most important indications where wearing gloves is recommended in a health-care facility?                                                                      Study assessors were provided with a list of indications and were trained to classify health-care workers' responses according to the following four correct indications: (i) to prevent contact with blood; (ii) to prevent contact with body fluids, mucous membranes or broken skin; (iii) before performing invasive medical procedures; and (iv) before touching a contaminated surface or contaminated waste

  11\. After contact with blood, body fluids, mucous membranes, non-intact skin or contaminated equipment^e^              Do you agree or disagree with the following statement: "Gloves should always be removed before leaving the area where the patient was seen"?                                    Agree

  **Injections and blood samples**                                                                                                                                                                                                                                                                        

  12\. Before an injection or taking a blood sample                                                                       Do you agree or disagree with the following statement: "Needles should be used for only one patient"?                                                                           Agree

  13\. Before an injection or taking a blood sample that required a syringe                                               Do you agree or disagree with the following statement: "Syringes can be reused on more than one patient since they do not come into contact with the patient\'s body fluids"?   Disagree

  14\. Before potential contact with blood, body fluids, mucous membranes, non-intact skin or contaminated equipment^e^   ND                                                                                                                                                                              ND

  **Reusable equipment**                                                                                                                                                                                                                                                                                  

  15\. Before or after patient contact (thermometer)                                                                      Can you tell me when it is recommended to disinfect a thermometer?                                                                                                              After the thermometer was in contact with a patient

  16\. Before or after patient contact (stethoscope)                                                                      Can you tell me when it is recommended to disinfect a stethoscope?                                                                                                              After the stethoscope was in contact with a patient

  **Waste segregation of needles and syringes**                                                                                                                                                                                                                                                           

  17\. After an injection or taking a blood sample that required a syringe                                                Can you name the recommended type of container for segregating used syringes?                                                                                                   Study assessors were trained to classify health-care workers' responses according to the following categories: (i) containers for highly infectious waste; (ii) containers for infectious or hazardous health-care waste; and (iii) containers for non-infectious waste

  18\. After an injection or taking a blood sample in general                                                             Can you name the recommended type of container for segregating used needles?                                                                                                    Study assessors were trained to classify health-care workers' responses according to the following categories: (i) containers for highly infectious waste; (ii) containers for infectious or hazardous health-care waste; and (iii) containers for non-infectious waste

  **Waste segregation, excluding needles and syringes**                                                                                                                                                                                                                                                   

  19\. After an injection or taking a blood sample during which infectious waste was produced\                            Can you tell me what type of waste goes into each of the following colour-coded bins: red, yellow and black?                                                                    Red for highly infectious waste, yellow for infectious or hazardous health-care waste and black for non-infectious waste
  20. After a medical examination during which infectious waste was produced                                                                                                                                                                                                                              
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ND: not determined.

^a^ An indication refers to a situation in which an infection prevention and control practice must be undertaken to prevent the risk of a pathogen being transmitted from one surface to another.

^b^ All responses were unprompted, except where the health-care worker was asked to agree or disagree with a statement.

^c^ This indication refers to situations in which a health-care worker reused gloves for successive patients, irrespective of whether glove use was recommended, and thereby created a risk that pathogens would be transferred.

^d^ This indication refers to situations in which a health-care worker removed his or her gloves, irrespective of the number of patient interactions or the type of procedure.

^e^ This definition is intended to cover injections and blood sampling.

A strict survey protocol ensured that study assessors did not interact with health-care workers or patients during observation. Data quality was assured using several methods: (i) the assessors' skills were evaluated using tests and videos; (ii) data forms were reviewed daily; (iii) inter-rater reliability was evaluated on a sample of observations; and (iv) data were double-entered to ensure an error rate below 1%. Data collected by the observational, patient-tracking tool were recorded on paper and tablet computers were used in assessing the availability of supplies and health-care workers' knowledge.

Health-care facilities
----------------------

The observational tool was piloted in 605 patients at 23 health-care facilities in Nairobi, which were selected to represent the wide range of facilities that provide primary health care in Kenya. They included public, private not-for-profit and private commercial facilities of differing levels of complexity: level-2 facilities included basic dispensaries and clinics, whereas level-5 facilities included county referral hospitals offering both basic and specialized services.

The main study took place in Kakamega, Meru and Kilifi counties in different regions of Kenya. Consent was obtained from 1035 of the 1115 (93%) health-care facilities identified and 935 took part in the study: 94 had no patients on the survey day and 6 did not provide consent on that day. In addition, 99% (14 443/14 531) of patients and 100% (1680/1680) of health-care workers approached also consented to being observed. The characteristics of participating facilities, health-care workers and patients are listed in [Table 3](#T3){ref-type="table"}. Although the distribution of facilities by level of complexity was similar to that at the national and county level, the proportion of private facilities was higher, possibly because these facilities were under-represented in administrative data.

###### Health-care facilities, health-care workers and patients, infection prevention and control study, Kenya, 2015

  Characteristic                                                 No. (%)^a^
  -------------------------------------------------------------- ---------------
  **Health-care facilities**                                     935 (100)
  Public                                                         369 (39)
  Private                                                        566 (61)
  Level 2^b^                                                     766 (82)
  Level 3^b^                                                     121 (13)
  Level 4 or 5^b^                                                48 (5)
  Number of outpatients seen per month, mean (SD)                631 (973)
  **Health-care workers^c^**                                     1 636 (100)
  Male                                                           834 (51)
  Age, years                                                     
      19 to 30                                                   550 (34)
      31 to 55                                                   867 (53)
      \> 55                                                      219 (13)
  Highest educational level achieved                             
      Primary or secondary school                                65 (4)
      College certificate                                        458 (28)
      College diploma                                            998 (61)
      Bachelor's, master's or doctoral degree                    115 (7)
  Days worked at this facility each week, mean (SD)              5.43 (0.91)
  **Patients^d^**                                                14 328 (100)
  Male                                                           5 664 (40)
  Age, years                                                     
      \< 5                                                       3 862 (27)
      5 to 18                                                    3 579 (25)
      19 to 30                                                   2 562 (18)
      31 to 55                                                   3 204 (22)
      \> 55                                                      1030 (7)
  **Health-care worker--patient interactions completed**         18 826 (100)
  Length of interactions in minutes, mean (SD)                   4.55 (4.74)
  **Procedures observed by study assessors^e^**                  21 791 (100)
  Examinations                                                   14 300 (66)
  Injections                                                     2 451 (11)
  Blood sampling                                                 5 040 (23)
  **Infection prevention and control indications observed^f^**   106 464 (100)

SD: standard deviation.

^a^ All values represent absolute numbers and percentages unless otherwise stated.

^b^ Level-2 facilities included dispensaries and clinics, level-3 facilities included health centres and maternity and nursing homes, level-4 facilities included primary hospitals (i.e. hospitals with the capacity to carry out emergency surgery, at least, and with a catchment area of at least 100 000 people) and level-5 facilities included secondary hospitals (i.e. hospitals that provided a higher level of specialized services and clinical supervision, supported primary referral facilities and had a catchment area of at least 1 000 000 people).

^c^ We could not interview 44 of the 1680 health-care workers observed.

^d^ Data on gender and age were missing for 133 and 91 patients, respectively, of the 14 328 observed.

^e^ Interactions between health-care workers and patients can involve several procedures, such as an examination and an injection or an injection and blood sampling. In addition, patients may interact with more than one health-care worker.

^f^ An indication refers to a situation in which an infection prevention and control practice must be undertaken to prevent the risk of a pathogen being transmitted from one surface to another ([Table 1](#T1){ref-type="table"}).

Overall, we observed 21 791 procedures in the main study (i.e. physical examination, injection or blood sampling) performed by 1680 health-care workers in 14 328 patients and we registered 106 464 indications for infection prevention and control practices. In higher-level facilities (i.e. levels 3, 4 and 5) with two or more health-care workers, we observed each worker for at least 1 hour. The mean age of the health-care workers was 37.4 years, they worked a mean of 5.43 days a week in their facilities and 51% were male ([Table 3](#T3){ref-type="table"}). Of the patients, 40% (5664/14 328) were male and 52% (7441/14 328) were younger than 18 years. Because public facilities see more patients, 70% (9976/14 328) were observed at public facilities even though only 39% (369/935) of facilities were public.

The study was approved by the Ethics and Scientific Review Board at the African Medical and Research Foundation (Approval no. AMREF-ESRC P94/2013), the Kenyan Ministry of Health and authorities at participating facilities.

Statistical analysis
--------------------

We calculated the compliance by dividing the number of correct actions performed by the total number of indications and report the observed compliance with infection prevention and control practices for each domain (i.e. aggregated across indications) and for all domains combined. This implies that the implicit weight given to each individual action is the frequency with which it was observed. We adopted this approach because the relative risk associated with different infection prevention and control practices in primary health care has not been established. To assess whether compliance was associated with the individual characteristics of the health-care worker or facility, we proceeded in a stepwise fashion. First, we used multiple linear regression to assess the association between the availability of supplies and compliance. Then, we used a similar analysis to assess the association between other characteristics and compliance in the subset of observations for which supplies were available since the compliance would necessarily be zero if essential supplies were unavailable. In particular, it can be shown that, when supplies are necessary but not sufficient for compliance, the lower bound for the association between the availability of supplies and compliance is the mean compliance in the sample. Consequently, the regression coefficient for the association between the availability of supplies and compliance will lie between the mean compliance in the sample and 1. In deriving standard errors, we adjusted for the effect of clustering at the level of the facility and of the health-care worker. Data were analysed using Stata version 13.0 (StataCorp. LP, College Station, United States of America). Further details of the statistical methods are available from the corresponding author.

Results
=======

In the pilot study, we found that: (i) the level of consent was high, with 98% (605/617) of patients and 98% (50/51) of health-care workers consenting; (ii) the use of identification tags to track patients across different units in a facility was effective; and (iii) inter-rater agreement on assessments was high (kappa: 0.72; 95% confidence interval, CI: 0.68 to 0.76), with 93% of comparisons in agreement. The mean overall compliance across the five infection prevention and control domains was 0.382 (95% CI: 0.366 to 0.399) and the mean number of safety violations per patient was 3.7 (95% CI: 3.6 to 3.8). The mean compliance was highest for the injections and blood samples domain, at 0.988 (95% CI: 0.980 to 0.996), and lowest for hand hygiene, at 0.028 (95% CI: 0.020 to 0.037).

In the main study, the mean number of infection prevention and control indications per patient was 7.5 (95% CI: 7.4 to 7.6) and the mean number of safety violations per patient was 5.1 (95% CI: 5.1 to 5.2) for each outpatient visit. The mean overall compliance was 0.318 (95% CI: 0.315 to 0.321) for the 106 464 indications observed. The number of indications and safety violations increased with the number of procedures but compliance varied according to the specific procedures performed ([Fig. 1](#F1){ref-type="fig"}). This observation is consistent with the substantial variation in compliance across domains ([Fig. 2](#F2){ref-type="fig"}). For example, the mean compliance in the injections and blood samples domain was 0.871 (95% CI: 0.866 to 0.876) compared with 0.023 (95% CI: 0.021 to 0.024) in the hand hygiene domain.

![Infection prevention and control indications and safety violations, infection prevention and control study, Kenya, 2015](BLT.16.179499-F1){#F1}

![Compliance with infection prevention and control practices, by infection prevention and control domain, Kenya, 2015](BLT.16.179499-F2){#F2}

We found small, weak associations between compliance and most characteristics of health-care workers and facilities. The proportion of indications for which the health-care worker had the requisite knowledge and the proportion for which the requisite supplies were available were considerably higher than the rate of compliance for those indications in most domains ([Table 4](#T4){ref-type="table"}). In the hand hygiene domain, the mean compliance was 0.042 when the health-care worker had the requisite knowledge and the requisite supplies compared with an overall mean of 0.024. The regression coefficient for the association between compliance and the availability of supplies determined using the ordinary least squares method is 0.368 (95% CI: 0.352 to 0.385; [Table 5](#T5){ref-type="table"}), which was very close to the observed overall mean compliance of 0.318. However, after domain fixed effects were taken into account, the regression coefficient was 0.162 (95% CI: 0.145 to 0.179), which suggests that supplies were necessary but not sufficient for compliance.

###### Health-care workers' knowledge, availability of supplies and compliance with infection prevention and control practices, Kenya, 2015

  Infection prevention and control domain             All indications,^a^ no.   Proportion of indications for which the health-care worker had the requisite knowledge, mean (SE)^c^   Proportion of indications for which the requisite supplies were available, mean (SE)^c^   Compliance,^b^ mean (SE)^c^   Indications for which the health-care worker had the requisite knowledge, mean (SE)^c^   Compliance,^b^ mean (SE)^c^   No. of indications for which the health-care worker had the requisite knowledge and the requisite supplies were available   Compliance,^b^ mean (SE)^c^
  --------------------------------------------------- ------------------------- ------------------------------------------------------------------------------------------------------ ----------------------------------------------------------------------------------------- ----------------------------- ---------------------------------------------------------------------------------------- ----------------------------- --------------------------------------------------------------------------------------------------------------------------- -----------------------------
  Hand hygiene                                        41 267                    0.517 (0.002)                                                                                          0.704 (0.002)                                                                             0.024 (0.001)                 21 327                                                                                   0.032 (0.001)                 15 079                                                                                                                      0.042 (0.002)
  Protective gloves                                   18 517                    0.907 (0.002)                                                                                          0.848 (0.003)                                                                             0.412 (0.004)                 16 802                                                                                   0.424 (0.004)                 14 248                                                                                                                      0.487 (0.004)
  Injections and blood samples                        9 064                     0.993 (0.001)                                                                                          1.000 (0.000)                                                                             0.997 (0.001)                 8 998                                                                                    0.997 (0.001)                 8 998                                                                                                                       0.997 (0.001)
  Reusable equipment                                  2 581                     0.878 (0.006)                                                                                          0.636 (0.009)                                                                             0.148 (0.007)                 2 266                                                                                    0.165 (0.008)                 1 437                                                                                                                       0.165 (0.010)
  Waste segregation of needles and syringes           8 966                     0.939 (0.003)                                                                                          0.867 (0.004)                                                                             0.822 (0.004)                 8 420                                                                                    0.847 (0.004)                 7 459                                                                                                                       0.942 (0.003)
  Waste segregation, excluding needles and syringes   8 419                     0.718 (0.005)                                                                                          0.267 (0.005)                                                                             0.058 (0.003)                 6 043                                                                                    0.069 (0.003)                 1 917                                                                                                                       0.217 (0.009)
  **All domains**                                     **88 814^d^**             **0.719 (0.002)**                                                                                      **0.738 (0.001)**                                                                         **0.292 (0.002)**             **63 856**                                                                               0.387 (0.002)                 49 138                                                                                                                      0.493 (0.002)

SE: standard error.

^a^ An indication refers to a situation in which an infection prevention and control practice must be undertaken to prevent the risk of a pathogen being transmitted from one surface to another.

^b^ The compliance is the proportion of indications for an infection prevention and control practice for which the corresponding action was taken ([Table 1](#T1){ref-type="table"}).

^c^ Robust SE (i.e. robust to heteroscedasticity or unequal variances).

^d^ Data on health-care workers' knowledge and supplies were available for 88 814 of the 106 464 indications for which data on compliance were recorded.

###### Association between compliance with infection prevention and control practices and health-care workers' and facilities characteristics, Kenya, 2015^a^

  Variable                                                                                                       Regression coefficient estimate,^b,c^ mean (SE)^d^                                                                        
  -------------------------------------------------------------------------------------------------------------- ---------------------------------------------------- ---------------------- ---------------------- ---------------------- ----------------------
  **Availabilityof supplies required for infection prevention and control practices**                            0.368 (0.008)\*\*\*                                  0.162 (0.009)\*\*\*    N/A                    N/A                    N/A
  **Health-care workers' knowledge of infection prevention and control practices**                               ND                                                   ND                     0.412 (0.010)\*\*\*    0.035 (0.007)\*\*\*    0.026 (0.008)\*\*\*
  **Kenyan infection prevention and control guidelines available at the facility**                               ND                                                   ND                     0.045 (0.021)\*\*      0.012 (0.015)          ND
  **Health-care workers underwent training on infection prevention and control within the last calendar year**   ND                                                   ND                     −0.016 (0.017)         0.009 (0.011)          ND
  **Health-care workers' highest educational level^j^**                                                                                                                                                                                    
  College diploma                                                                                                ND                                                   ND                     −0.130 (0.018)\*\*\*   −0.018 (0.010)\*       ND
  Bachelor's, master's or doctoral degree                                                                        ND                                                   ND                     −0.133 (0.029)\*\*\*   −0.026 (0.014)\*       ND
  **Age of health-care worker, per year**                                                                        ND                                                   ND                     −0.003 (0.001)\*\*\*   −0.001 (0.000)\*\*     ND
  **Male health-care worker**                                                                                    ND                                                   ND                     0.002 (0.015)          −0.019 (0.008)\*\*     ND
  **Public health facility**                                                                                     ND                                                   ND                     −0.005 (0.014)         −0.006 (0.008)         ND
  **Health-care facility level^k^**                                                                                                                                                                                                        
  Level 3                                                                                                        ND                                                   ND                     0.016 (0.020)          −0.003 (0.010)         ND
  Level 4                                                                                                        ND                                                   ND                     0.013 (0.025)          0.004 (0.014)          ND
  Level 5                                                                                                        ND                                                   ND                     0.063 (0.065)          0.007 (0.020)          ND
  **Order number of patients observed**                                                                          ND                                                   ND                     −0.001 (0.001)\*\*     −0.001 (0.000)\*\*     −0.000 (0.000)
  **Infection prevention and control domain indicators^l^**                                                                                                                                                                                
  Hand hygiene                                                                                                   ND                                                   −0.923 (0.005)\*\*\*   ND                     −0.942 (0.006)\*\*\*   −0.944 (0.008)\*\*\*
  Protective gloves                                                                                              ND                                                   −0.492 (0.013)\*\*\*   ND                     −0.446 (0.015)\*\*\*   −0.475 (0.015)\*\*\*
  Reusable equipment                                                                                             ND                                                   −0.790 (0.017)\*\*\*   ND                     −0.843 (0.022)\*\*\*   −0.818 (0.025)\*\*\*
  Waste segregation of needles and syringes                                                                      ND                                                   −0.155 (0.013)\*\*\*   ND                     −0.061 (0.009)\*\*\*   −0.060 (0.009)\*\*\*
  Waste segregation, excluding needles and syringes                                                              ND                                                   −0.820 (0.012)\*\*\*   ND                     −0.769 (0.030)\*\*\*   −0.773 (0.034)\*\*\*
  **Adjusted *R^2^***                                                                                            0.127                                                0.633                  0.154                  0.650                  0.588

N/A: not applicable; ND: not determined; \*: *P* \< 0.1; \*\*: *P* \< 0.5; \*\*\*: *P* \< 0.01; SE: standard error.

^a^ Further details of the statistical analysis, including the robustness analysis for missing observations, are available from the corresponding author.

^b^ All values in the table represent regression coefficients unless otherwise stated.

^c^ Regression coefficients for the association between compliance with infection prevention and control practices and explanatory variables as determined by five linear multiple regression specifications. All models included a constant (coefficient estimates excluded). The third and fourth models included county dummies (coefficient estimates excluded).

^d^Robust SEs are clustered at the health facility level to account for clustering and heteroscedasticity or unequal variances.

^e^ An indication refers to a situation in which an infection prevention and control practice must be undertaken to prevent the risk of a pathogen being transmitted from one surface to another ([Table 1](#T1){ref-type="table"}).

^f^ Data on the availability of supplies were recorded for 92 430 of the 106 464 Infection prevention and control indications observed.

^g^ Data on health-care workers' knowledge and other characteristics were recorded for 64 494 observed indications for which supplies were available. Data were missing because: (i) some health-care workers were not interviewed due to very high patient caseloads; and (ii) information on knowledge and supplies were not collected for one indication (i.e. 14. Before potential contact with blood, body fluids, mucous membranes, non-intact skin or contaminated equipment; [Table 1](#T1){ref-type="table"}).

^h^ The regression analysis was based on the ordinary least squares method.

^i^ The regression analysis took into account domain fixed effects for infection prevention and control domains and health-care worker fixed effects, as appropriate.

^j^ College certificate level and below were excluded.

^k^ Level 2 was excluded.

^l^ The injections and blood samples domain was excluded.

For the 68 034 observed indications for which supplies were available, the average compliance was 0.390 (95% CI: 0.386 to 0.393). [Table 5](#T5){ref-type="table"} lists regression coefficients for the association between compliance and other health-care worker and facility characteristics in the subset of 64 494 observations for which supplies were available and data on health-care workers' knowledge were recorded. Regression coefficients were derived after separately taking into account domain fixed effects and adding health-care worker fixed effects, which enabled us to assess whether differences in the supplies available or in knowledge between individual health-care workers were associated with compliance. In this subset of observations, the estimated regression coefficients for compliance, after domain fixed effects were taken into account, were most strongly associated with the domain -- the inclusion of indicator variables for the domains increased the adjusted *R^2^* (which indicates how close data are to the fitted regression line) for the regression from 0.154 to 0.650. In contrast, compliance was weakly associated with the type of facility (i.e. public or private or level of specialization), the health-care worker's educational level, age and sex, the availability of Kenyan infection prevention and control guidelines (only 5% of facilities had a copy) and whether the health-care worker had undergone training on infection prevention and control within the last year. Also in the subset of observations for which supplies were available, the regression coefficient for the association between compliance and health-care workers' knowledge was 0.035 (95% CI: 0.021 to 0.050) after domain fixed effects were taken into account and 0.026 (95% CI: 0.011 to 0.041) once health-care worker fixed effects (e.g. an individual worker's level of motivation) were taken into account.

[Table 6](#T6){ref-type="table"} shows the association between compliance and the availability of supplies separately for each infection prevention and control domain: the regression coefficient for compliance ranged from 0.006 (95% CI: −0.059 to 0.071) for the reusable equipment domain to 0.848 (95% CI: 0.801 to 0.894) for the waste segregation of needles and syringes domain. Regression coefficients for the association between compliance and health-care workers' knowledge when supplies were available ([Table 7](#T7){ref-type="table"}) were smaller and few were statistically significant. The largest coefficients were 0.184 (95% CI: 0.066 to 0.302) for the waste segregation of needles and syringes domain and 0.151 (95% CI: 0.083 to 0.219) for the reusable equipment domain.

###### Association between compliance with infection prevention and control practices and the availability of supplies, by infection prevention and control domain, Kenya, 2015^a^

  Variable                                                                                                                                                                    Infection prevention and control domain                                                                                           
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------- --------------------- --------------------- --------------------- --------------------- ---------------------
  No. of indications^a^                                                                                                                                                       46 006                                    15 967                9499                  2768                  9389                  8801
  Estimated regression coefficient for the association between compliance with infection prevention and control practices and the availability of supplies,^b^ mean (SE)^c^   0.028 (0.004)\*\*\*                       0.454 (0.023)\*\*\*   ND^d^                 0.006 (0.033)         0.848 (0.024)\*\*\*   0.219 (0.029)\*\*\*
  Constant, mean (SE)^c^                                                                                                                                                      0.006 (0.001)\*\*\*                       0.089 (0.018)\*\*\*   0.997 (0.001)\*\*\*   0.145 (0.026)\*\*\*   0.087 (0.022)\*\*\*   −0.000 (0.000)
  Adjusted *R^2^*                                                                                                                                                             0.007                                     0.094                 0.000                 −0.000                0.568                 0.171

ND: not determined; \*\*\*: *P* \< 0.01; SE: standard error.

^a^ An indication refers to a situation in which an infection prevention and control practice must be undertaken to prevent the risk of a pathogen being transmitted from one surface to another ([Table 1](#T1){ref-type="table"}).

^b^ Regression coefficients were determined by linear multiple regression.

^c^ Standard errors are clustered at the health facility level.

^d^ The regression coefficient was not estimated for the injections and blood samples domain because supplies were always available.

###### Association between compliance with infection prevention and control practices and health-care workers' and facilities characteristics when supplies were available, by infection prevention and control domain, Kenya, 2015^a^

  Variable                                                                                                       Regression coefficient estimate,^b^ mean (SE),^c,d^ per infection prevention and control domain                                                                                             
  -------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------- ---------------------- --------------------- ---------------------- --------------------- -------------------
  **Health-care workers' knowledge of infection prevention and control practices**                               0.023 (0.005)\*\*\*                                                                               0.062 (0.048)          −0.003 (0.003)        0.151 (0.035)\*\*\*    0.184 (0.060)\*\*\*   0.030 (0.064)
  **Kenyan infection prevention and control guidelines available at the facility**                               0.005 (0.010)                                                                                     0.050 (0.049)          0.002 (0.002)         −0.086 (0.048)\*       0.006 (0.030)         0.035 (0.070)
  **Health-care workers underwent training on infection prevention and control within the last calendar year**   0.017 (0.012)                                                                                     0.028 (0.032)          −0.003 (0.003)        −0.022 (0.033)         −0.031 (0.022)        −0.022 (0.055)
  **Health-care workers' highest educational level^e^**                                                                                                                                                                                                                                                      
  College diploma                                                                                                −0.004 (0.008)                                                                                    −0.070 (0.032)\*\*     0.003 (0.002)         −0.005 (0.047)         −0.008 (0.019)        −0.089 (0.054)\*
  Bachelor's, master's or doctoral degree                                                                        0.005 (0.013)                                                                                     −0.090 (0.048)\*       −0.000 (0.003)        0.003 (0.071)          −0.071 (0.046)        −0.067 (0.094)
  **Age of health-care worker, per year**                                                                        −0.000 (0.000)                                                                                    −0.003 (0.001)\*       −0.000 (0.000)        −0.001 (0.001)         −0.000 (0.001)        −0.002 (0.003)
  **Male health-care worker**                                                                                    −0.007 (0.008)                                                                                    −0.056 (0.028)\*\*     −0.001 (0.002)        −0.016 (0.038)         −0.015 (0.017)        −0.052 (0.050)
  **Public health facility**                                                                                     −0.014 (0.008)\*                                                                                  −0.032 (0.028)         0.005 (0.003)\*       0.082 (0.035)\*\*      0.045 (0.019)\*\*     −0.061 (0.064)
  **Health-care facility level^f^**                                                                                                                                                                                                                                                                          
  Level 3                                                                                                        −0.022 (0.008)\*\*\*                                                                              0.030 (0.034)          0.003 (0.001)\*\*\*   −0.051 (0.081)         0.027 (0.018)         −0.028 (0.066)
  Level 4                                                                                                        −0.032 (0.011)\*\*\*                                                                              0.057 (0.041)          0.001 (0.002)         −0.084 (0.063)         0.016 (0.039)         0.117 (0.069)\*
  Level 5                                                                                                        −0.031 (0.018)\*                                                                                  −0.063 (0.048)         0.002 (0.002)         −0.181 (0.049)\*\*\*   0.062 (0.037)\*       0.243 (0.116)\*\*
  **Order number of patients observed**                                                                          −0.000 (0.000)                                                                                    −0.004 (0.001)\*\*\*   −0.000 (0.000)        0.002 (0.002)          0.001 (0.000)         0.001 (0.001)
  **No. of indications^g^**                                                                                      30 580                                                                                            13 265                 9027                  1637                   7739                  2246
  **Adjusted *R^2^***                                                                                            0.015                                                                                             0.027                  0.006                 0.058                  0.051                 0.036

\*:*P* \< 0.1; \*\*: *P* \< 0.5; \*\*\*: *P* \< 0.01; SE: standard error.

^a^ Further details of the statistical analysis are available from the corresponding author on request.

^b^ Regression coefficients for the association between compliance with infection prevention and control practices and explanatory variables as determined by linear multiple regression.

^c^ Standard errors are clustered at the health facility level.

^d^ All values in the table are means and standard errors unless otherwise stated.

^e^ College certificate level and below were excluded.

^f^ Level 2 was excluded.

^g^ An indication refers to a situation in which an infection prevention and control practice must be undertaken to prevent the risk of a pathogen being transmitted from one surface to another ([Table 1](#T1){ref-type="table"}).

In domains, such as the hand hygiene domain, where the mean compliance and estimated regression coefficients for the association between compliance and the availability of supplies and knowledge were all small, it is unlikely that a lack of supplies or knowledge was the only constraint. In contrast, in domains such as the waste segregation excluding needles and syringes domain, where the regression coefficient for the association between compliance and the availability of supplies was higher and the observed compliance was small, it is likely that the availability of supplies was a more important constraining factor.

Discussion
==========

Our observational, patient-tracking tool was able to assess compliance with infection prevention and control practices across a range of health-care facilities and infection prevention and control domains. We found there were, on average, 13 opportunities for infection transmission during an outpatient visit if the patient was examined, had an injection and underwent blood sampling. Compliance varied widely across indications: it was almost complete for single-use needles and syringes but very low for hand hygiene -- when practiced, hand washing lasted an average of 16 s compared with the recommended 30 to 60 s. Data collected using the tool can provide key information for epidemiological modelling of disease outbreaks because different safety violations may be associated with different risks depending on the disease transmission mechanism.[@R29]^,^[@R30]

We found only weak associations between compliance and the availability of supplies, health-care workers' knowledge, training in infection prevention and control and the availability of guidelines. These findings are consistent with the widely discussed concept that patient safety is driven more by behavioural norms than by technical knowledge, training or the availability of supplies.[@R12]^,^[@R31] Consequently, compliance depends on engendering these norms, which has been achieved in Kenya for injections and blood sampling but not for hand hygiene. There has been substantial decline in unsafe injection practices worldwide,[@R32] which could be extended to other practices. In Australia, for example, altering behavioural norms in hospitals has substantially improved hand hygiene.[@R33]

Our observational tool for assessing infection prevention and control practices across multiple domains has several limitations. First, linking practices to health outcomes requires data on the types of pathogens present at observation sites -- this would ultimately enable researchers to apply an appropriate weighting to compliance with specific infection prevention and control indications. However, there are no literature reports on the relative risks of different practices, even in high-income countries. Moreover, although WHO suggests that it is reasonable to focus on key domains that are consistently linked with nosocomial infections (e.g. hand hygiene is considered to be the single most effective infection control measure),[@R1] the evidence from outpatient settings is sparse. Second, our tool was based on direct observations, which could have been subject to the Hawthorne effect, whereby health-care providers changed their behaviour when observed. However, previous studies of this effect suggest that observation-induced behaviour decreases with the number of interactions observed.[@R34] We examined whether early observations differed from later observations and, although we found a small, negative association, it disappeared once we controlled for the infection prevention and control domain and health-care worker fixed-effects. The absence of a Hawthorne effect is encouraging because some researchers consider direct observation to be the gold standard for measuring compliance with infection prevention and control practices since it makes it possible to record both indications and their corresponding actions.[@R20]^,^[@R25] Finally, our data may be incomplete because they relate only to the day of observation. For example, waste disposal (not waste segregation) may take place on only one day of the week or month. Although we were unable to comprehensively analyse waste disposal, there was evidence of important gaps in waste management. For instance, only 11.1% of facilities had a standard operating procedure for waste management, only 26.1% had an on-site incinerator or a contract with a company for incineration and only 27.8% had a waste holding area.

In conclusion, our observational, patient-tracking tool provided an effective way of assessing compliance with infection prevention and control practices across multiple domains in primary health care. It could be used to rapidly assess the current status of these practices and to monitor improvement efforts. We found that compliance with infection prevention and control practices was low overall but varied substantially across domains. The variations were only weakly associated with the characteristics of the facility and the health-care worker, such as the health-care worker's knowledge and the availability of supplies, which suggests that improvements will require a broader focus on behavioural change.
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